To investigate if expression of genes encoding pro and anti-apoptotic proteins in the rat enteric endothelial cells stimulated by intestinal ischemia followed by reperfusion (IR) can be modified by treatment with heparin (HP).
Introduction
Ischemia followed by reperfusion (IR) triggers a multiple biological responses that cause tissue injury and loss of organ function. Although, oxygen is a critical substrate in the alleviation of ischemia, paradoxically, it also functions as a deleterious metabolite during the reperfusion of previously ischemic tissues 1 .
It is important to note that IR injury is associated to organ transplants, major organ resections and in shock 2 .
The oxidative stress caused by IR may lead either to immediate cell death (necrosis), controlled cell death (apoptosis) or trigger changes of the cell phenotype in response to IR injury 3, 4 .
Pro and anti-apoptotic proteins are involved in the cascade of IR injury 3, 4 . Some studies have proposed that the use of the quantitative real time polymerase chain reaction method (qRT-PCR) to evaluate specific gene expression during IR could be crucial to understanding the biochemical mechanism and the effects of protective treatments [3] [4] . It is assumed that proteins that function together in a pathway or structural complex are likely to evolve in a correlated fashion [3] [4] .
Pharmacological studies have proposed the use of different class of drugs to attenuate or prevent the structural and functional lesions caused by IR 5 . Recent studies have suggested that glycosaminoglycan heparin (HP) and its derivatives, agents currently used as anticoagulant and antithrombotic, act as free radical scavengers and inhibitors of apoptosis in several cell types, protecting them from IR injury [6] [7] . The initial endothelial damage plays a main role in IR, but the limited access to endothelial tissue is a major constraint when investigating the cellular mechanisms of vascular inflammation [1] [2] [3] [4] .
Using Rat Endothelial Cell Biology PCR microarray, we decided to investigate if intestinal IR modifies gene expression encoding pro and anti-apoptotic proteins in the rat enteric endothelial cells and if HP treatment modifies this response.
Methods
All experimental protocols used in the present study Results Table 1 and Figure 1 shows the expression levels of ten genes related to rat enteric endothelial cell biology from SG, IRG, IRG+HP. Compared to SG, pro-apoptotic gene expression (Casp1, Casp3, Casp6, Cflar, Fas and Pgl) was up-regulated while antiapoptotic gene expression (Bcl2, Bcl2l1 and Naip2) was downregulated in IRG (increase of apoptosis). In contrast, antiapoptotic gene expression was up-regulated while pro-apoptotic gene expression was down-regulated in IRG+HP.
Discussion
The complex mechanisms involving cellular death after IR injury are not fully understood. Significant increases of content of reactive oxygen species (ROS) in tissues exposed to IR have been observed. In these tissues were showed increment of hydroxyl radicals, superoxide anions, and hydrogen peroxide, associated with decreased antioxidant enzyme activities 8, 9 . ROS play a major role in the pathophysiology of the ischemic injury via oxidative damage to membrane lipids and proteins 8, 9 .
Superoxide dismutase (SOD) represents the first line of defense against oxidative stress, by catalyzing the dismutation reaction of superoxide anion to hydrogen peroxide [8] [9] [10] .
Malondialdehyde (MDA), one of the major products of lipid peroxidation, has been extensively measured as an index of this -dependent nitric oxide synthase, and calpain, as well as various proteases and endonucleases [10] [11] [12] . As a result of the formation of cytotoxic products, such as free radicals and leukotrienes, excess intracellular Ca 2+ triggers irreversible mitochondrial damage, inflammation, and programmed cell death (apoptosis) and/or necrotic [10] [11] [12] .
Using Endothelial Cell Biology Rat PCR microarray method, we showed that gene expression encoding of proapoptotic proteins (Casp1, Casp3, Casp6, Cflar, Fas and Pgl) was up-regulated while anti-apoptotic gene expression (Bcl2, Bcl2l1
and Naip2) was down-regulated in rats submitted to intestinal IR ( Figure 1 and Table 1 ). These results indicate an increment of apoptotic process in endothelial cells injured by IR. In contrast, pretreatment with HP produced an increase of anti-apoptotic gene expression accompanied by reduction of pro-apoptotic gene expression in endothelial cells of rats submitted to IR ( Figure   1 and Table 1 ), indicating that HP treatment is able to attenuate apoptotic process in response to intestinal IR injury.
It is well documented that HP and its derivates produce a protector effect in tissue/organs submitted to IR injury 6, 7, 11, [13] [14] [15] [16] [17] [18] 20, 21 . This effect appear be mediated by various cellular actions of HP and its derivates, including free radical scavenger and inhibition of apoptotic process in cell and tissues exposed to IR injury 6, 7, 11, [13] [14] [15] [16] [17] [18] .
However, molecular mechanisms involved in these cytoprotector
actions remain yet under investigation. Celik et al. 20 showed that HP treatment in animals submitted to IR attenuated flap necrosis and improved survival owing to radical scavenging, antioxidant effects, and supportive activities on capillary permeability and transudation. Medeiros et al. 21 showed that HP treatment in animals submitted to IR stimulated intracellular calcium release, activation of phospholipase C and of calcium calmodulin kinase II, NO production and vascular protective factors.
These results indicate that attenuation by HP of intestinal IR injury previously demonstrated in rodents could be related with ability of this drug to modulate expression of proteins involved in apoptotic response, by up-regulation of genes encoding antiapoptotic proteins and down-regulation of genes encoding proapoptotic proteins.
Conclusion
The pretreatment with heparin was demonstrated in rodents that could be related with ability of this drug to stimulate and reduce gene expression of encoding anti and pro-apoptotic proteins, respectively.
